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[1] a special microemulsion phase was formed at a region where large quantity of liquid paraffin contained near lamella crystal phase in the system of EPDME aqueous solution-liquid paraffin-POE (7) oleylether, and [2] the ultrafine emulsion at two phase region (O/W) could be obtained easily when this microemulsion phase was diluted with water (2) . Byelov et al. demonstrated that block copolymer of the polyoxyethylene-polyoxypropylene (POE 5 mol-POP 5 mol) dramatically enhanced the solubilization capacity in micelle in which n-dodecane was solubilized with tetraethyleneglycoldodecylether (3) (4) (5) . Such block copolymers generally form self-organizing structures like micelles in an aqueous solution automatically (6, 7) .
However, it was reported that EPDME alone is unable to form self-organizing structures unless its solution becomes highly concentrated, since it is random copolymer of ethylene oxide and propylene oxide. It was speculated that this special microemulsion was formed by the influence of EPDME on the properties of nonionic surfactants, since the structure of EPDME resembles to the hydrophilic chain of a polyoxyethylene nonionic surfactant (2) .
It is known that organic solvents (e.g. ethanol and dioxane) (8) (9) (10) , and polyhydric alcohols (e.g. sucrose, solbitol, 1,3-butane diol and dipropylene glycol) affect the cloud points and C.M.C. of non-ionic surfactants (11) (12) (13) (14) (15) . Deguchi et al proved that micelle of a nonionic surfactant was broken by the addition of ethylene glycol or propylene glycol by the change of UV absorption spectrum of 7,7,8,8-tetracianodimethane (13) .
Since EPDME consists of ethylene glycol and propylene glycol, it is possible that EPDME affects the physicochemical properties of a nonionic surfactant. In this study, the effect of various kinds of EPDME on self-organizing structures of nonionic surfactants was investigated, and the generation process of a special microemulsion phase reported in the previous study was also discussed.
Materials and Methods

1 Materials
Pentaethyleneglycol dodecylether (abbreviated as C12E5) was obtained from Nikko Chemicals, Tokyo, Japan. Its purity was confirmed to be more than 98% by gaschromatographic analysis. Extra pure grade of 1,3-butane diol (Wako Jun-yaku, Osaka) and EPDMEs (Nihonyushi, Tokyo) : EPDME (9/2) (POE 9 mol, POP 2 mol, MW 500), EPDME (17/4) (POE 17 mol, POP 4 mol, MW 1000), EPDME (14/7) (POE 14 mol, POP 7 mol, MW 1000) and EPDME (11/9) (POE 11 mol, POP 9 mol, MW 1000) were used as humectants without further purification. Extra pure grade of n-tetradecane (Wako Jun-yaku) and liquid paraffine (Kantoukagaku, Tokyo) were used without further purification. Water used was deionezed and distilled.
Methods
The cloud point of C12E5 in EPDME or 1,3-butane diol aqueous solutions (0wt% to 40wt%) was measured by a direct visual inspection. C12E5 was added into aqueous solutions of EPDME or 1,3-butane diol up to 2wt%. The solutions were sealed in ampules which were put in a thermostatted bath. Surface tension of C12E5 in EPDME or 1,3-butane diol aqueous solutions was measured by Wilhelmy method at 20, 25, and 30 with using a Dynamic Contact Angle Meter and Tensiometer 21 (Dataphysics Instrument, Filderstadt, Germany). It took a long time to measure the surface tension of each concentration of C12E5 till the surface tension became constant, since the adsorption of C12E5 was remarkably slow. The amount of C12E5 adsorbed onto gas-liquid interface in EPDME or 1,3-butane diol aqueous solutions were calculated using Gibbs adsorption isotherm. The standard micelle formation free energy (per mol) of C12E5 in EPDME or 1,3-butane diol aqueous solutions was calculated by the following equation [1] derived by .
Where Gm is standard micelle formation free energy. R is gas constant. T is absolute temperature of each solution. W is the molar concentration of water (55.4 mol/L at 25.0 ).
The phase diagram of (liquid paraffin or n-tetradecane) + (27wt% EPDME (17/4), 23wt% EPDME (9/2) aqueous solutions or water) containing 5wt% C12E5 system were made as follow. The mixtures of those components with various compositions were sealed in ampules, which were put in a thermostatted bath, and the temperature of the solutions in tubes were increased at a rate of 0.5 /hr. The solubilized regions were determined by a direct visual inspection. Furthermore, it ver- Figure 1 showed the surface tension of C12E5 in 0, 10 and 20w/v% EPDME (9/2) aqueous solution at 25 . Figure 1 shows that the increase of EPDME (9/2) concentration decreased the slopes of the relation between the surface tension and concentration and increase the C.M.C. of C12E5.
The surface tensions and the amounts of adsorption of C12E5 in 0, 5, 10, 15, 20, and 25 w/v% EPDME (9/2) and 1,3-butane diol aqueous solutions were shown in Table 1 . The surface tensions of EPDME (9/2) and 1,3-butane diol solutions without C12E5 were also shown in Table 1 . Table 1 shows that the amounts of adsorbed C12E5 decreased with the increase of the concentrations of both EPDME (9/2) and 1,3-butane diol. The tendency was more remarkable in the case of EPDME (9/2). In the case of 1,3-butane diol aqueous solution, the surface tension became high with the increase of the concentration of 1,3-butane diol. The surface tension of C12E5 in EPDME (9/2) aqueous solution became low, although the amount of adsorbed C12E5 decreased with the increase of the EPDME (9/2) concentration.
When the C.M.C. of C12E5 in 0, 5, 10, 15, 20 and 25w/v% EPDME (9/2) and 1,3-butane diol aqueous solutions were plotted on a semilogarithm graph (Fig.  2) , the natural logarithmic value of C.M.C. was directly proportional to the concentration of both EPDME (9/2) and 1,3-butane diol. The equations of the regression lines in both cases were calculated. The standard free energies of the micelle formation (per mol) of C12E5 in concentration c of EPDME (9/2) or 1,3-butane diol aqueous solutions were calculated by the equation [1] . The equations are as follows; (a) The standard micelle formation free energy of C12E5 in EPDME (9/2) aqueous solution. ln (C.M.C.) = 0. The Surface Tension of C12E5 in Polyoxyethylene (9 mol)/polyoxypropylene (2 mol) dimethylether [EPDME (9/2)] EPDME Aqueous Solutions. Open circle ( ), triangle ( ) and square ( ) represent surface tension at 0, 10 and 20 w/v% of EPDME (9/2) solutions, respectively.
Table 1
Properties of C12E5 in Various Concentrations of EPDME (9/2) and 1,3-butane Diol Aqueous Solutions (25 ) . When Gm(c) is the standard free energies of micelle formation in concentration c. R is gas constant. T is absolute temperature of each solution. W is the molar concentration of water (55.4 mol/L at 25.0 ).
The equation [2] and [3] indicates that EPDME (9/2) and 1,3-butane diol reduce the standard micelle formation free energy of C12E5 at the rate of 235 and 157 J/mol (0.056 and 0.038 kcal/mol) per 1 w/v% (1193 and approximately 11750 J/mol per 1 mol), respectively. The reduced standard micelle formation free energy of C12E5 per 1 mol of EPDME (9/2) was calculated on the assumption that its molecular weight to be approximately 500, because it contains different molecularweight polymers.
2 Micelle Formation of C12E5 in EPDME Aqueous Solution
The surface tension of EPDME and 1,3-butane diol solution, C.M.C., surface tension, the amounts of adsorption, the standard micelle formation free energy of C12E5 at 20, 25 and 30 in each 10w/v% solution of EPDME and 1,3-butane diol were shown in Table 2 . The results show that C.M.C. became remarkably high with the increase of temperature in EPDME solutions. Then, the surface tension became low, although the amount of adsorbed C12E5 decreased with the increase of temperature in EPDME (9/2) and (17/4) solutions with many polyethyleneglycol units. This phenomenon was unrelated to the surface tension of EPDME solution alone.
The losses of the micelle formation free energy, which was reduced by 10w/v% aqueous solutions of various kinds of EPDME and 1,3-butane diol at 20, 25 and 30 , were calculated from the free energy values in Table 2 and plotted on a graph (Fig. 3) . Figure 3 indicates that EPDMEs considerably reduced the micelle formation free energy of C12E5. Furthermore, this phenomenon was remarkable in EPDME (17/4) aqueous solution. The results show that the degree of the disturbance by EPDME on the micelle formation of C12E5 increased with the increase of temperature. Although 1,3-butane diol also disturbed the micelle formation, the temperature effect was found to be little.
Cloud Points of C12E5 in EPDME and
1,3-butane Diol Aqueous Solutions Cloud points of C12E5 in EPDME and 1,3-butane diol aqueous solutions were presented in Fig. 4 . Although the cloud points of C12E5 eventually became high at various concentrations (0 40wt%), they hardly became high until a specific concentration. These parameters steeply rose beyond the concentration and eventually became almost constant at 50 90 . The curve of the cloud point looks like the shape of "S" characters in EPDME (17/4) aqueous solution with two cloud points at 23 32wt%. 
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ubilized with 5wt% C12E5 in 27wt% EPDME (17/4) aqueous solution and the phase diagram of this system was compared with that of liquid paraffin with 23wt% EPDME (9/2)aqueous solution or water (Fig. 5) . C12E5 concentration was chose to be 5 wt% to compare the phase diagram to that of a report (19) . From Fig. 4 , the first cloud point of C12E5 appeared near 23 , and the solution turned transparent again at 46 76 in 27wt% EPDME (17/4) aqueous solution. This change of the solution state corresponds to the y-axis (the amount of liquid paraffin : 0wt%) in the phase diagram in Fig. 5 , that is, the first cloud point of C12E5 appears near 24.2 , and the solution turned transparent again at 49.0 77.1 , and these values agreed with those in Fig. 4 .
As shown in Fig. 5 , C12E5 could solubilize liquid paraffin even at 46 76 in 27wt% EPDME (17/4) aqueous solution. On the other hand, the solution turned turbid at 23 46 , when a small amount of liquid paraffin (below ca. 0.7wt%) was solubilized. However, the solubilized regions below 23 and that beyond 46 united with the increase of the amount of liquid paraffin. The maximum amount of solubilized liquid paraffin with C12E5 in EPDME (17/4) aqueous solution was small compared to that in water.
Although such phenomenon was unable to be found in 23wt% EPDME (9/2), the cloud point curve shifted toward the high temperature region, and the maximum amount of solubilized liquid paraffin also decreased.
3 4 2 The solubilization of n-tetradecane The phase diagram of n-tetradecane and 27wt% EPDME (17/4) aqueous solution containing 5wt% C12E5 system was shown in Fig. 6 . The phase diagram of n-tetradecane and water containing 5wt% C12E5 system was also shown in the figure as a control sample. In the case of liquid paraffin as an oil component in 27wt% EPDME (17/4), the two solubilized regions below 23 and beyond 46 united with the increase of the amount of liquid paraffin (Fig. 5) . However, in the case of n-tetradecane, two independent solubilized regions appeared. In other words, a new isolated solubilized region appeared at temperature (40 50 ) which was beyond the cloud point curve of the normal solubilized region in ca. 1 3wt% n-tetradecane. The Effect of Polyoxyethylene/polyoxypropylene Dimethylether (EPDME) on the Phase Diagram of Water+Liquid Paraffin Containing 5wt% C12E5 System. Closed ( ) and open circles ( ), and triangle ( ) represent phase diagrams in water, 27wt% EPDME (17/4) and 23wt% EPDME (9/2) aqueous solutions, respectively. Dotted area represents the micellar solution of liquid paraffin containing 5wt% C12E5 in 27wt% EPDME (17/4) aqueous solution.
Fig. 6
The Effect of Polyoxyethylene (9 mol)/polyoxypropylene (2 mol) Dimethylether on the Phase Diagram of Water Tetradecane Containing 5wt% C12E5 System. Closed ( ) and open circles ( ) represent phase diagrams in water and 27wt% EPDME (17/4) aqueous solutions, respectively. Dotted area represents the micellar solution of tetradecane containing 5wt% C12E5 in 27wt% EPDME (17/4) aqueous solution.
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Discussions 1 Micelle Formation of C12E5 in EPDME and 1,3-butane Diol Aqueous Solutions
In the previous paper, the authors reported that a special microemulsion phase was formed at a region where the large quantity of liquid paraffin contained near lamella crystal phase in the system of EPDME (9/2) aqueous solution-liquid paraffin-polyoxyethylene (7 mol) oleylether (2) . EPDME alone was unable to show a feature like a surfactant. However, the chemical structure of EPDME is similar to the hydrophilic chain of a polyoxyethylene nonionic surfactant. Therefore, it was speculated that EPDME functioned as a hydrophilic cosurfactant when the concentrations of both EPDME and a polyoxyethylene nonionic surfactant were high, because EPDME might be distributed to the polyoxyethylene chain of a polyoxyethylene surfactant.
In this study, as the result of measuring the physicochemical properties of C12E5 in EPDME (9/2), the amount of C12E5 adsorbed onto the gas-liquid interface decreased greatly with the increase of the temperature of EPDME (9/2) aqueous solution. Although the amount of the adsorption in 25wt% EPDME (9/2) aqueous solution decreased to one third of that in water, the surface tension in 25wt% EPDME (9/2) aqueous solution decreased. The critical lower temperature and the surface tension reported in the previous study suggested that EPDME (9/2) alone was unable to form self-organizing structures below 25wt% at 25 (2) . However, the surface tension of C12E5 in 1,3-butane diol aqueous solution increased with the decrease of the amount of its adsorption onto the gas-liquid interface ( Table 1) . This phenomenon indicated that EPDME (9/2) was also adsorbed onto a gas-liquid interface with C12E5.
Since the natural logarithmic values of C.M.C increased in proportion to the concentration of EPDME (9/2) or 1,3-butane diol in aqueous solutions, the micelle formation free energies of C12E5 decreased in proportion to EPDME and 1,3-butane diol concentrations ( Figs. 1 and 2) . Rey et al. reported the C.M.C. of p, tert-alkyl phenoxy polyethoxy ethanols in ethylene glycol aqueous solution and also found that the logarithmic value of C.M.C. was mostly proportional to the concentration of ethylene glycol (12) . However, it was found that the reduced amount of the micelle formation free energy by EPDME (9/2) was lager than that by 1,3-butane diol.
Moreover, the C.M.C. of C12E5 remarkably increased and the amount of C12E5 adsorbed onto the gas-liquid interface decreased with the increase of the temperature in EPDME aqueous solutions ( Table 2) . Since the conformation of a polyoxyethylene chain of a polyoxyethylene nonionic surfactant changed with the increase of temperature of its solution and its dipole moment decreased, its polarity changed from hydrophilic to hydrophobic and its C.M.C. decreased (20, 21) . The behavior of the C.M.C. in EPDME aqueous solution reversed in water. Therefore, it was speculated that this phenomenon might occur when the interaction between EPDME and C12E5 became strong with the increase of temperature. Moreover, EPDME remarkably decreased the micelle formation free energy with the increase of temperature unlike 1,3-butane diol, and this tendency was proportional to the number of polyoxyethylene units in the EPDME molecule (Fig. 3) . Consequently, this phenomenon could be understood to appear since the polyoxyethylene chain of EPDME became hydrophobic and its affinity with the polyoxyethylene chain of C12E5 became relatively strong with the increase of the solution temperature. Moreover, despite the amount of adsorption of C12E5 decreased, the surface tension of the solution decreased (Tables 1  and 2 ). It was speculated that the co-surfactant-feature of EPDME became stronger with the increase of temperature. This phenomenon also supports the result in the previous study that high temperature allowed the size of a microemulsion droplet to be small. The previous study suggested that EPDME alone was unable to form self-organizing structures below 10wt% and 30 (2).
2 The Cloud Points of C12E5 in EPDME and 1,3-butane Diol Solutions
Although the cloud points of C12E5 hardly changed until a certain concentration in EPDME aqueous solutions, they steeply rose beyond the concentration and became constant (Fig. 4) . Since the constant cloud points which appeared at high temperature were almost parallel to that of EPDME, this parameters were considered to be the cloud points of the mixture of EPDME and C12E5. The EPDME concentration where the cloud points rose steeply and the slopes of the rise of the cloud points (Fig. 4) were well in agreement with the effect of EPDME which decreased the micelle for-479 mation free energy, and the cloud point curve becomes like the shape of "S" characters in EPDME (17/4) aqueous solution which prevented micelle formation rapidly with the increase of temperature. These results suggested that the cloud points of C12E5 might probably rise in EPDME aqueous solutions, since its aggregation number became low mainly due to the effect of EPDME which prevented the micelle formation.
It was remarkably interesting that the C.M.C. of C12E5 rose ( Table 2) , although it was hydrophobic in EPDME (17/4) ( 30wt%) and EPDME (9/2) aqueous solution ( 10wt%) and its cloud point became low (Fig. 4) . Its aggregation number was speculated to become also lower in EPDME (17/4) and EPDME (9/2) solution than that in water. In contrast the affinity between the hydrophilic group of C12E5 and water might probably decrease, since EPDME (17/4) and EPDME (9/2) were highly hydrophilic. Thus, regarding to the contradictory phenomenon mentioned above, the increase of the aggregation number of C12E5 was prevented in EPDME (17/4) and EPDME (9/2) solution. However, the micelle of C12E5 in EPDME (17/4) and EPDME (9/2) solution might possibly become insoluble at lower aggregation number than that in water, and the cloud point of C12E5 became low, since the affinity between the hydrophilic group of C12E5 and water decreased. Similar phenomena were also reported in polyethylene glycol-400 (15) .
C12E5 had two cloud points in 27wt% EPDME (17/4) aqueous solution. It was presumed that one (ca. 23 ) was the cloud point of C12E5 and the other (ca. 76 ) was that of the mixture C12E5 and EPDME (17/4) (Fig. 4) . Figure 7 shows the proposed mechanism of the self-organizing structures of C12E5 in 27wt% EPDME (17/4) aqueous solution. The micelle of free C12E5 was formed below the cloud point (ca. 23 ) of C12E5 in 27wt% EPDME aqueous solution appeared in Fig. 4 (Fig. 7(a) 
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point appeared, the aggregation number of C12E5 rose with the increase of temperature and became maximum near 23 ( Fig. 7(b) ).
Furthermore, the solution turned transparent again near 46 , since the effect of EPDME (17/4) which prevented the micelle formation of C12E5 became strong with the increase of the solution temperature, and its aggregation number became low again. However, a selforganizing structure such as mixed micelle might possibly be formed at this transparent region at high temperature, since EPDME (17/4) could form a certain molecular aggregate above 20 w/v% without any other components as described in the previous study.
Since the cloud points of the mixture of EPDME (17/4) and C12E5 finally appeared at ca. 76 , the molecules of EPDME (17/4) and C12E5 were seemed to aggregate at a close distance and 46 76 ( Fig.  7(c) ).
3 The Phase Diagram of Oil and 27wt%
EPDME (17/4) Aqueous Solution Containing 5wt% C12E5 System As showed in Fig. 5 , it was found that C12E5 could solubilize liquid paraffin even at 46 76 (above the cloud point of C12E5 alone) in 27wt% EPDME (17/4) aqueous solution. This micelle containing oil was thought to be produced by a cohesive force which was generated by a reinforced hydrophobic groups of C12E5 through an interaction with liquid paraffin. Hydrocarbon oils have a tendency to solubilize in the inside of hydrophobic groups of nonionic surfactants. Therefore, the angle of each nonionic surfactant from micelle center decreases, even when the effective area of the hydrophobic interface of a self-organizing structure is constant, although the interval distance between the hydrophilic groups of a surfactant decrease (22) . Moreover, the solubilization of oil changes an interfacial film to be more positive curvature, since it increases a repulsive force between each hydrophilic chain (23, 24) . Thus, in this study, it was speculated that a droplet type microemulsion might be formed, since the curvature of the interface film became more positive by distributing EPDME (17/4) to the hydrophilic chain of C12E5 which already solubilized liquid paraffin ( Fig.  7(d) ). In this case, the amount of C12E5 adsorbed onto the oil-water interface might probably become small in the case of the gas-liquid interface. Kunieda et al reported that a microemulsion which was made without temperature change could be prepared by controlling carefully the phase equilibrium of mixture of surfactants system (25) . In this study, it was shown that a microemulsion could be formed in a wide temperature range by using oils and suitable type of EPDME which could prevent the aggregation of nonionic surfactants with the increase of temperature.
Upon the solubilization of n-tetradecane, the behavior of the system was quite different from that of the microemulsion of water-n-tetradecane C12E5 system (26 28) , and another isolated solubilized region appeared at a suitable temperature which is beyond the cloud point curve of the normal solubilized region (Fig.  6) . It was thought that this solubilized region also was formed in a region where the aggregation number of C12E5 became low with EPDME (17/4), since the cohesive forces between the hydrophobic groups of C12E5 became strong by the interaction with the oil. It was speculated that 1) the cohesive forces of hydrophobic groups of C12E5 was insufficient for solubilizing ntetradecane compared to liquid paraffin, since the molecular weight of n-tetradecane was smaller than that of liquid paraffin. 2) C12E5 and EPDME (17/4) which became hydrophobic at high temperature might probably distribute to n-tetradecane. Therefore, this special solubilized region of n-tetradecane might probably be narrower than that of liquid paraffin, since the micelle was broken by EPDME (17/4). The solubilized region in EPDME (9/2) aqueous solution might probably become narrow, since EPDME (9/2) also prevented the aggregation of C12E5.
Conclusion
The result of this study supports that EPDME functions as a hydrophilic co-surfactant when the concentrations of both EPDME and a polyoxyethylene nonionic surfactant are high, because EPDME may probably be distributed to the polyoxyethylene chain of the surfactant as in the previous study (2) . A microemulsion can be formed in a wide temperature range by preventing the aggregation of nonionic surfactants with the increase of temperature. The ultrafine emulsion at two phase region (O/W) can be obtained easily, when this microemulsion phase that contains high concentration oil phase is diluted with water.
This method for preparing ultrafine emulsions is named Highly-Concentrated-MicroEmulsion method 481
